Cupania vernalis (camboatá), it can be used in carpentry and landscaping, as well as for mixed plantings used for restoration of degraded areas. The objective was to evaluate the effect of different substrates, over time, in growth of Cupania vernalis seedlings. The experiment was conducted in nursery in the municipality of Santa Helena -PR. An amount of ten different substrates were tested, containing Plantmax®, leaf residue, sawdust, broiler litter, bovine manure and carbonized rice husk, in a completely randomized design with five replications of twelve seedlings in split-plots design. For 210 days, height and stem diameter were evaluated, dry mass of roots and shoots were also determined as well as its relationship between and the leaf area for ten seedlings of each substrate. Furthermore, water retention capacity and total porosity of substrates were determined. The most of substrates provided gradual increase in diameter and height of seedlings. Substrates with Plantmax ® + sawdust + bovine manure and substrate with Plantmax ® + carbonized rice husk + bovine manure, presented, respectively, the best results for diameter (2.0 mm and 1.9 mm) and height (4.5 cm and 4.6 cm), as well as root dry mass (0.29 g and 0.21 g) and dry mass of shoots (0.58 g and 0.47 g).
Introduction
Cupania vernalis Cambess (Sapindaceae), popularly known as camboatá, camboatá-vermelho, occurs in Bolivia, Paraguay, Argentina, Uruguay and Brazil, and it is indicated for landscaping in parks, squares and streets, in addition to wood use (Lorenzi, 2000) , the bark has medicinal properties against bronchitis, asthma, and is also antipyretic and antiseptic (Backes & Irgang, 2002) .
Another purpose given to C. vernalis, is its use to mixed plantings for the recovery of degraded areas of permanent preservation, considered as a secondary species adapted to direct sunlight and producer of fruits sought by birds, in addition for presenting honey flowers (Lorenzi, 2000) .
Plantings with the purpose of recovering degraded ecosystems, restoration of riparian forests and replacement of legal reserve, reflect the concern for environmental issues derived from devastation of forests (Fowler, 2000) , activity that demands services and products, in particular the production of seedlings of forest species (José et al., 2005) . However, the exact information about proper procedures are still scarce in seedling production of native tree species (Carvalho, 2000) , thus inhibiting the use of these in reforestation programs and large-scale production.
To produce seedlings selected with proper development characteristics, aiming at ensuring success in the production of future forestry, numerous studies have been developed in order to control and to obtain good quality seedlings, able to withstand the environmental adversities after planting, and also with low cost (Souza et al., 2005) .
Seedlings of good quality should be vigorous, with leaves with size and coloring typical of species and still in good nutritional status. However, the quality standards vary between species and for the same species at different ecological sites. The determination of seedling quality is based on the analysis of its physiological and morphological characteristics (Carneiro, 1995) .
One of the most important factors in the formation of seedlings with quality is the substrate, which aims at ensuring plant development in a short period of time, with features that promote the availability of nutrients and moisture retention, in order to meet seedling needs (Cunha et al., 2006) .
When choosing the substrate to be used, Toledo (1992) recommends evaluation of the availability of materials, its physical and chemical characteristics, its weight and cost on formulation. The ideal solution it would use substrates of materials readily available in planting region, facilitating the reduction of expenses (Silveira, et al. 2002) . The use of organic waste from urban, industrial or agricultural origin, it would be an alternative for economically viable and environmentally acceptable materials (Maeda et al., 2007) , but as it is difficult to find a single material that correspond to all the requirements of cultivated species, it is possible to combine different types of materials (Wendling et al., 2002) . Substrates containing in its composition proportions of organic compounds have shown good results, since it can contribute to the aeration, porosity, water absorption and other factors in the final mixture of substrate (Costa et al., 2012) .
As studies on appropriate procedures in production of native essence are necessary and, given species importance, this study aimed at evaluating the effect of different substrates, over time, in growth of Cupania vernalis seedlings.
Material and methods
Seeds of Cupania vernalis (camboatá), were collected in December 2007 from mother trees with more than 60 cm in diameter at breast height, in the municipality of Santa Helena -PR, latitude 24º51'37" south and longitude 54º1958" west, average altitude of 258 meters above sea level, with humid subtropical climate (IBGE, 2009) .
After the removal of seed aryl, according to instructions of Guimarães Junior & Cogni (2002) , seeds were submitted to chemical scarification by immersion for 5 min in sulfuric acid followed by washing on running water, with preliminary tests in order to overcome dormancy of species.
The installation of the experiment occurred in the nursery of the Experimental Stations of the Universidade Estadual do Oeste do Paraná -UNIOESTE in Santa Helena -PR in December 2007. The sowing was performed in polypropylene tubes of 200 cm 3 at a depth of approximately two times seed diameter, using two seeds in each. After emergence, thinning was carried out leaving one seedling per tube. The tubes were placed on bench, covered with canvas with 60% shade, under sprinkler irrigation system, triggered twice daily for 15 min in the late morning and late afternoon, corresponding to approximately to 0.66 L m -² for each sprinkler.
The tested substrates and its respective costs are shown in Table 1 . The value of purchase or production of the components of mixtures used as substrate, was passed over by suppliers in the municipality of Santa Helena -PR. The sawdust, broiler litter and bovine manure components were previously semi decomposed, remaining under natural aeration conditions for three months prior its use.
Every month, during 210 days after sowing, evaluations were performed considering height of shoots of seedlings and stem diameter, in the early 60 days after sowing, considering seedlings with a couple of leaves developed in order to be submitted to evaluation. For these variables data were analyzed according to a randomized block design (five replications with 12 seedlings per experimental unit, for each one of the 10 treatments) in a split-plots design (six evaluations during 210 days).
The dry mass of roots and shoots, ratio of dry mass roots by dry mass of shoots and leaf area, according to the leaf disk method adapted from Benincasa (1988) , were evaluated at the experiment after 210 days . In this case, a total of 10 seedlings per treatment were used, randomly assigned. The analysis was performed in a completely randomized design, where each seedling was considered a replication. All data were subjected to analysis of variance, and means compared by Tukey test.
The total quantification of macro and micronutrients of each substrate tested were performed with samples from the moment of installation and after the removal of seedlings at the end of the experiment, as well as vegetable samples from destructive evaluation. These analyzes were carried out by the Agricultural and Environmental Chemistry Laboratory of Unioeste, Marechal Cândido Rondon -PR Campus. The total N and P contents were extracted by sulfuric acid digestion and determination of N by Kjeldahl distillation (Bremner, 1965) and P through UV-Vis (420nm). For K, Ca, Mg, Cu, Zn, Mn and Fe, the extraction was by nitric-perchloric digestion (Johnson & Ulrich, 1959) , and the determination by atomic absorption spectrometry, flame mode.
The water retention capacity (WRC) and total porosity (TP) of substrates were determined on Soils Laboratory of Embrapa Floresta, Colombo -PR, according to Brasil (2006) . These data were analyzed in a completely randomized design, with three replications for each analyzed substrate subjected to analysis of variance and means compared by Tukey test at 5% probability. 
Results and discussion
Mixtures of tested components as a substrate for C. vernalis seedlings showed significant interaction with different assessment period for stem diameter and height of seedlings variables. Data for S5 were not exposed due to any germination on this substrate.
At 120 days after sowing, it was recorded a significant difference between the different substrates, with the lowest average for stem diameter of seedlings, registered to S7 (0.97mm) which differed from S6, S8, S9 and S10 (Table 2) . At the end of the experiment, after 210 days, S2, S6, S9 and S10, resulted in seedlings with greater stem diameter did not significantly differ from each other, with values ranging from 1.92 to 2.01 mm. Means followed by horizontally same letter and vertically capital do not differ statistically by Tukey test at 5% probability. Where: S1 -100% P; S2 -70% P + 30% DLR; S3 -60% P + 20% SE + 20% DLR; S4 -60% P + 30% SE + 10% BL; S5 -60% P + 40% SE; S6 -50% P + 20% SE + 30% EB; S7 -50% P + 20% SE + 20% EB + 10% DLR; S8 -50% P + 30% SE + 10% DLR + 10% BL; S9 -50% P + 20% CRH + 30% EB; S10 -50% P + 20% CRH + 20% EB + 10% DLR. Where P = Plantmax®; DLR = decomposed leaf residue, result of urban pruning; SE = sawdust; BL = broiler litter; BM = bovine manure; CAC = carbonized rice husk.
In Table 2 is also possible to observe the gradual increase in stem diameter of seedlings over time and seedlings in S1, S3 and S8 showed no significant difference for this variable. The progressive increase in stem diameter of seedlings may serve as an indication of the full growth of these, as this feature is recognized as one of the best indicatives of total seedling quality (Carneiro, 1995) , with crucial importance in the evaluation of seedling potential to survive in field (Souza et al., 2006) .
When results for height of C. vernalis seedlings were analyzed the, it can be seen an increasing over evaluations for all tested substrates, except for S1 (100% Plantmax®) (Table 3) . It is also noted that at 60 days there was significant difference between the substrates, when seedlings produced in S3 (1.45 cm) differed from S2 and S4 (2.18 and 1.76 cm, respectively). The lower height obtained for seedlings in S3 maintained until the end of the evaluations, result probably justified by the presence of decomposed leaf residue in its composition.
The use of decomposed leaf residue may not have been effective in the height of C. vernalis seedlings, but the use of such materials, in addition ecofriendly, it can show good results for other species or in other mixtures, as verified by Barrata Junior (2007) .
At the end of evaluations (210 days), the highest were recorded in S6, S9 and S10 (4.56, 4.61 and 3.83 cm, respectively), which did not significantly differ from each other. These substrates contain as composition almost the same proportion of commercial substrate and bovine manure (Table 3) . The presence of bovine manure on substrates used in the production of forest essences has been efficient in the development of seedlings. Bortolini et al. (2012) obtained better results for sucará seedlings (Gleditschia amorphoides), with substrates containing bovine manure in its formulation. Seedlings of aroeira (Schinus terebinthefolius), eucalyptus(Eucalyptus grandis) and pink cedar (Cedrela fissilis) had also better development when produced on substrates containing bovine manure (Oliveira et al., 2008) , similar behavior to those observed in Cupania vernalis seedlings. Means followed by horizontally same letter and vertically capital do not differ statistically by Tukey test at 5% probability. Where: S1 -100% P; S2 -70% P + 30% DLR; S3 -60% P + 20% SE + 20% DLR; S4 -60% P + 30% SE + 10% BL; S5 -60% P + 40% SE; S6 -50% P + 20% SE + 30% EB; S7 -50% P + 20% SE + 20% EB + 10% DLR; S8 -50% P + 30% SE + 10% DLR + 10% BL; S9 -50% P + 20% CRH + 30% EB; S10 -50% P + 20%CRH + 20% EB + 10% DLR. Where P = Plantmax®; DLR = decomposed leaf residue, result of urban pruning; SE = sawdust; BL = broiler litter; BM = bovine manure; CAC = carbonized rice husk.
The possible cause for no seedling emergence registered to S5 (60% Plantmax® + 40% sawdust) would be the lowest proportion of micro pores of this substrate, promoted by the presence of the largest number of thin particles, as recorded by Ferraz et al. (2005) , thus favoring the reduction of aeration and consequently germination. Smiderle & Minami (2001) report that the substrate should provide sufficient water retention to allow germination and when saturated, it should maintain proper amounts of pore space to facilitate the supply of oxygen, essential to germination process and root development.
Seedlings produced in S6, S9 and S10 substrates, which contained in its formulation bovine manure, showed the highest values for root dry mass, 0.29, 0.21 and 0.25 g respectively, did not differ significantly from each other (Table 4) .
Despite being considered the best parameter to determine root growth of seedlings and consequently, to promote the development in field (Carneiro, 1995) , root dry mass should not be the only morphological parameter to express the quality of seedlings (Fonseca, et al. 2002) . Similarly, also for the shoot dry mass, the substrates S6 and S9 had the highest means with 0.58 and 0.47 g, respectively, not statistically different from each other. Lourenço et al. (2000) also showed favoritism to SDM and RDM in mate seedlings produced in substrates containing bovine manure, as S6 and S9.
For RDM/SDM ratio in C. vernalis seedlings, the highest means were found in S3 (1.49), significantly differing from the other substrates (Table 4 ). Even considering that a higher RDM/SDM ratio results in better quality seedlings, it is noteworthy that no feature should be observed in isolation (Sâmor et al., 2002) , as occurred in this case, where seedlings of C. vernalis with the highest RDM/SDM ratio accounted for lower results for dry mass of root and shoot.
The best results for leaf area were recorded in S6 and S9 (347.7 and 283.0 mm², respectively) which (Table 4) . In this case, seedlings produced in these substrates may have higher growth, which could have already observed in relation to RDM and SDM, where greater leaf area represents increased photosynthetic rate and thus, energy supply for growth and development of seedlings (Grave et al., 2007) . Table 4 -Root dry mass (RDM), shoot dry mass (SDM), the ratio between root dry mass and shoot dry mass (RDM/SDM) and leaf area obtained for seedlings of Cupania vernalis cultivated in different substrates, at 210 days after sowing.
Means followed by horizontally same letter and vertically capital do not differ statistically by Tukey test at 5% probability. Where: P = Plantmax; DLR = decomposed leaf residue, result of urban pruning; SE = sawdust; BL = broiler litter; BM = bovine manure; CAC = carbonized rice husk.
For water retention capacity variable, there was no significant difference between the tested substrates, with values ranging from 39.76% to 60.40% (Table 5) . Substrates with carbonized rice husk in its constitution are among the substrates with the lowest values for water retention Gonçalves & Poggiani (1996) reported that substrates that contain materials normally incinerated retain less water, such as carbonized rice husk, increasing when present the drainage of the substrates (Almeida, 2005) . Table 5 -Water retention capacity (WRC) and total porosity for different substrates tested in the growth of Cupania vernalis seedlings.
Means followed by horizontally same letter and vertically capital do not differ statistically by Tukey test at 5% probability. Where P = Plantmax®; DLR = decomposed leaf residue, result of urban pruning; SE = sawdust; BL = broiler litter; BM = bovine manure; CAC = carbonized rice husk.
According to the data shown in Table 5 for total porosity, the S1 substrate (65.69%), significantly differed from only S8, S9 and S10 (51.68; 43.76 and 51.65% respectively). Possibly, the highest value of total porosity to S1, could be representing higher amount of micropores, since substrates formulated with a higher proportion of porous materials would present higher porosity (Rondon Neto & Ramos 2010) , as in the case of the other substrates.
The values for total porosity of tested substrates ranged from 65.69% to 43.76% ( (Gonçalves & Poggiani, 1996; Almeida, 2005) . However, the ideal substrate choice should be according to the need of aeration or water for the cultivated species, in addition to irrigation management to be adopted (Ferraz et al., 2005) . Table 6 -Nutritional content for different substrates at experiment implantation with Cupania vernalis. .0 S1 = 100% P (witness); S2 = 70% P+ 30% DLR; S3 = 60% P + 20% SE + 20% DLR; S4 = 60% P + 30% SE + 10% BL; S5 = 60% P + 40% SE; S6 = 50% P + 20% SE + 30% EB; S7 = 50% P + 20% SE + 20% EB +10% DLR; S8 = 50% P + 30% SE + 10% DLR + 10% BL; S9 = 50% P +20% CRH + 30% EB; S10 = 50% P + 20 CRH + 20% EB + 10% DLR. Where P = Plantmax®; DLR = decomposed leaf residue, result of urban pruning; SE = sawdust; BL = broiler litter; BM = bovine manure; CAC = carbonized rice husk.
When total nutrient contents for tested substrates were evaluated (Table 6) , it is clear that there were no significant differences for the quantification of each element in the different substrates. The S2, S4 and S5 substrates had the highest levels for N, an important element in the synthesis of chlorophyll, enzymes, proteins, nucleic acids (Epstein & Bloom, 2006) and with positive effect on seedling growth (Braga et al., 1995; Silva & Muniz, 1995) .
The P contents were lower in S2, S3 and S5, substrates which have in its composition a greater proportion of decomposed leaf residue. Barrata Junior (2007) also had lower contents of P for the compound of urban pruning compared to other residues such as sugarcane bagasse.
The lack of P in the production of cedar (Cedrela fissilis) caused reduction in the height of seedlings (Silva & Muniz, 1995) , reduction that also occurred in Acacia maginum seedlings on nutrient omission tests (Braga et al., 1995) , as seen in the seedling of C. vernalis produced in S3 (60% Plantmax ® + 20% + + 20% sawdust + 20% of decomposed leaf residue), which have lower contents of P (Table 6 ) and the lowest mean for height (Table 3) .
Regarding micronutrients, it highlights the lower contents of Cu and Zn to S1 (Table 6 ). Although with great variation, it have already been recorded for the (Epstein & Bloom, 2006) , some characteristics observed in C. vernalis seedlings, grown under 100% of Plantmax ® (S1).
In Table 7 , it is observed the total nutritional content of C. vernalis seedlings and its respective substrates after the end of the experiment. As already mentioned, N has great importance in the development of seedlings, as seen in those produced in S6, which showed the highest contents of N and the best growth as outlined in the results for diameter and height of seedlings (Table 2 and 3) while lower contents were for S1, S2 and S3.
Even after use by plants and the portion that it was certainly leached, tested mixtures also showed significant nutritional value (Table 7) , demonstrating the ability of mineralization of organic forms in the mixture, and the use possibility by plants for longer, if necessary.
The high contents of copper on substrates as S4, S6 and S8, are probably due to the possibility of this mineral is adsorbed to organic colloids, whereas the lower iron content registered to S1 may be explained by its composition, since in other substrates, the organic matter could still be in decomposition and thus providing iron (Malavolta, 2006) .
Another fact that could justify the high contents of nutrients in substrates at the end of experiment was the constant supply of nutrients, available in irrigation water, which came from the Itaipu Lake reservoir. Wosiack (2005) have reported high concentrations of phosphorus and nitrogen in the Itaipu Reservoir, in Entre Rios do Oeste.
When some physical and chemical characteristics of the tested substrates were analyzed, it is clear that the difference recorded for growth of C. vernalis seedlings, it was probably due to variations in physical characteristics instead of the chemical. Maeda et al. (2007) consider that in a substrate, the physical characteristics are more important than chemical characteristics, since the physical is not easily modified.
By evaluating morphological parameters in C. vernalis seedlings, it was observed that seedlings in S6, S9 and S10 showed the best results in most of tested variables. These substrates were consisted of 50% Plantmax® + 20% sawdust + 30% manure (S6), 50% Plantmax® + 30% bovine manure + 20% carbonized rice husk (S9) and 50% Plantmax® + 20 % carbonized rice husk + 20% bovine manure + 10% decomposed leaf residue (S10). With the use of these substrates, cost reduction would be possible, as estimated the cost of 1 m³ of S6 or S9 would be R$ 41.68 and S10 R$ 41.43, while only using the commercial substrate R$ 82.08 (Table 1) . .0 S1 = 100% P (witness); S2 = 70% P+ 30% DLR; S3 = 60% P + 20% SE + 20% DRL; S4 = 60% P + 30% SE + 10% BL; S5 = 60% P + 40% SE; S6 = 50% P + 20% SE + 30% EB; S7 = 50% P + 20% SE + 20% EB +10% DLR; S8 = 50% P + 30% SE + 10% DLR + 10% BL; S9 = 50% P +20% CRH + 30% EB; S10 = 50% P + 20 CRH+ 20% EB + 10% DLR. Where P = Plantmax®; DLR = decomposed leaf residue, result of urban pruning; SE = sawdust; BL = broiler litter; BM = bovine manure; CAC = carbonized rice husk.
By evaluating morphological parameters in C. vernalis seedlings, it was observed that seedlings in S6, S9 and S10 showed the best results in most of tested variables. These substrates were consisted of 50% Plantmax® + 20% sawdust + 30% manure (S6), 50% Plantmax® + 30% bovine manure + 20% carbonized rice husk (S9) and 50% Plantmax® + 20 % carbonized rice husk + 20% bovine manure + 10% decomposed leaf residue (S10). With the use of these substrates, cost reduction would be possible, as estimated the cost of 1 m³ of S6 or S9 would be R$ 41.68 and S10 R$ 41.43, while only using the commercial substrate R$ 82.08 (Table 1) .
Conclusions
For the production of Cupania vernalis seedlings, in the presented conditions, it is suggested the use of the substrate consisted of 50% Plantmax ® + + 20% sawdust + 30% bovine manure (S6), the substrate consisted of 50% Plantmax ® + 30% bovine manure + 20% carbonized rice husk (S9) and 50% Plantmax ® + 20 carbonized rice husk + 20% bovine manure + 10% decomposed leaf residue (S10). There was a gradual increase over time for the growth of seedlings, except those produced in S1 (100% Plantmax) and S3 (60% Plantmax ® + 20% sawdust + + 20% decomposed leaf residue).
